Associations between medication use and the development of Alzheimer disease have been investigated since the late 1900s. Thyroid hormone supplementation is rarely a studied medication class in this area of research. We examined data from participants enrolled in longitudinal studies at the Washington University Alzheimer's Disease Research Center for associations between thyroid disease, thyroid hormone supplementation therapy, and subsequent development of dementia of the Alzheimer type (DAT). Data collected between April 1992 and June 2008 from 499 participants, 184 men and 315 women, were analyzed. Mean age was 76.9 years (SD ¼ 9.2). At baseline, 61 participants reported thyroid medication use and 87 were identified as having a history of thyroid dysfunction. These participants progressed to a DAT diagnosis more rapidly than individuals not taking thyroid medication (hazard ratios [HR]: 1.67, 95% CI: 0.99-2.78, P ¼ .054). Although an interesting trend was seen, baseline thyroid disease was not significantly (P ¼ .093) associated with time to DAT diagnosis. Our findings suggest that utilization of thyroid medication may be associated with the development of DAT.
Introduction
Alzheimer disease (AD) has received significant attention by the medical world because it accounts for the majority of dementia cases. 1 In an attempt to unravel the mysteries of AD etiology and progression, some researchers sought to find an association with prior or concurrent medication use. Past research has focused on relationships between dementias and a broad spectrum of drug classes, including estrogens, 2 antidepressants, 3 antihypertensives, 4 and statins. 5 However, a void exists regarding thyroid hormone supplementation. Our study attempts to help fill this research void by examining possible associations between use of thyroid medications and AD onset.
Background
The theoretical existence of a link between thyroid hormone supplementation via prescribed medications and AD development is well founded. Thyroid agents are simply preparations of natural or synthetic thyroxine (T 4 ) or triiodothyronine (T 3 ) designed to mimic the action of endogenous T 4 and T 3 in the body. 6 The probable roles of endogenous thyroid hormones in AD pathophysiology have already been established, primarily in the area of b amyloid plaque accumulation. [7] [8] [9] [10] [11] [12] Therefore, thyroid medications could affect plaque deposition in the same ways, expressed by 3 primary physiological mechanisms.
Amyloid b Precursor Protein
Amyloid b precursor protein (APP) serves as the predecessor of b amyloid fragments that aggregate to form plaques found in the brains of patients with AD. Thyroid hormones have the ability to regulate the production of different APP isoforms. 8 Specifically, the presence of T 3 is related to an increase in production of the APP 770 isoform while an equivalent reduction in the amount of the APP 695 isoform is observed. 8 O'Barr et al 11 confirmed these findings were consistent in both in vitro and in vivo conditions. If future research can determine which APP isoform is most directly related to plaque formation and AD onset, the role of thyroid hormone supplementation as a causative or preventative therapy may follow.
Secretase Synthesis and Activity
Secretases are the enzymes responsible for cleaving b amyloid fragments from APP molecules. Hormonal control is a factor in the synthesis and activity of these secretases because estrogen has been established as a factor in APP metabolism. 7 Because estrogen and thyroid hormones are members of the same nuclear receptor hormone superfamily, 8 it is possible that T 3 regulates the synthesis and activity of a, b, and g secretase as well. Thus, a connection between thyroid hormone level and b fragment cleavage is plausible.
Microglial Removal of b Amyloid Plaque
Under normal conditions, b amyloid plaque is opsonized by the immune system and removed from the brain by microglia and monocytes. 12 Thyroid hormones play a significant role in the production and survival of microglia. 9,10 Lima et al 9 reported that artificially induced hypothyroidism among rodents showed markedly less microglial density and processing when compared to euthyroid controls. Because neuronal and astroglial cells are targets of thyroid hormone, lack of this hormone may create an environment unable to support development, differentiation, and survival of microglial cells due to a lack of growth factor secretion from developing neurons and astrocytes. Thus, the effects of insufficient thyroid hormone may be indirect. This thesis is supported by Mallet et al 10 who found microglial processes to be promoted by the presence of T 3 in vitro.
Thus, thyroid hormones are likely involved in the physiological mechanisms associated with AD pathology. Research has established the theoretical roadmap between thyroid dysfunction and irreversible brain degradation and cognitive decline, setting the stage for determination of whether thyroid dysfunction, or medication used to treat that dysfunction, is associated with AD development in the real world.
Recent Research
A review of recent literature reveals inconsistency concerning the impact of thyroid dysfunction on cognitive decline. Studies have found both hypothyroidism and hyperthyroidism to be related to increased dementia of the Alzheimer type (DAT) risk. It is important to consider both forms of thyroid dysfunction because although hypothyroidism is most common epidemiologically, 13 treatment of this disorder with thyroid medications can often result in hyperthyroidism secondary to overcorrection. 14 
Hypothyroidism and DAT
For some time, hypothyroidism has been assumed a possible risk factor for AD. 15 Hypothyroidism has been associated with a decrease in memory retrieval and worsening of overall functional memory. 16 A recent case-control study found that participants with hypothyroidism were at more than double the risk for developing DAT as their euthyroid counterparts. 17 Data from the Maastricht Aging Study (MAAS) revealed that hypothyroidism predicted decreased cognitive performance in a random sample of 120 MAAS participants, although the association was weak. 18 The Framingham Study reported a strong association between hypothyroidism and DAT risk, stating that overt thyroid dysfunction translated to a 2-fold greater risk for development of DAT when compared to euthyroid controls. 19 
Hyperthyroidism and DAT
Hyperthyroidism is reported to affect DAT risk in older adults as well, such that increased levels of T4 and free T4 increase one's risk of developing DAT. [19] [20] [21] De Jong et al 20 reported a 30% increase in the risk of DAT per standard deviation increase of free T4. Of the 665 participants, 143 were followed to autopsy where participants with both hyperthyroidism and AD had more neurofibrillary tangles and neuritic plaques than participants with either condition alone, or neither condition. This is consistent with the findings of a study that examined longitudinal data from 45 participants of the Kungsholmen Project and concluded that hyperthyroidism led to cognitive deficits in late life 22 ; and an earlier study reporting a 3-fold increase in DAT risk among all participants with hyperthyroidism. 21 Other studies have found no significant association between any type of thyroid dysfunction and DAT onset. [23] [24] [25] Given this lack of consensus, the impact of thyroid disease and thyroid hormone replacement therapy on AD risk is unclear. If thyroid disorder, or the use of thyroid medications, is related to developing DAT, it would support the idea of an underlying link between these diseases.
We were unable to find any literature addressing the use of thyroid medications on risk of DAT. However, if thyroid medication use is associated with greater DAT risk, the risks and benefits of thyroid supplementation therapy should be carefully weighed prior to prescription. The purpose of this study was to examine whether such a relationship exists. We also examined associations between a reported history of thyroid disease and development of DAT.
Materials and Methods
Data were obtained from participants enrolled in longitudinal studies at the Washington University in St Louis School of Medicine's Alzheimer's Disease Research Center (ADRC). These longitudinal studies were initiated in 1979, and include participants with no cognitive impairment as well as dementia. Participants are volunteers, most of whom reside in the St Louis metro and bi-state (Missouri and Illinois) areas. Given the longstanding nature of ADRC studies, many participants learn of these studies through word-of-mouth from a friend or family member. Other recruitment efforts include media appearances by ADRC staff and educational outreach efforts. Referral by a primary care physician or other health professional accounts for approximately 20% of participants. Exclusion criteria included medical, psychiatric, and neurological illnesses that may interfere with performance on psychometric testing or longitudinal follow-up (eg, uncontrolled diabetes, renal failure requiring dialysis, treatment for active invasive cancer).
Alzheimer's Disease Research Center participants annually undergo an extensive battery of tests, including interviewbased clinical assessments with additional information about the participants' cognitive and physical status provided by a collateral source, usually a close relative or friend. The assessment protocol includes a basic physical and neurological examination, as well as psychometric testing conducted independently a few weeks after the clinical assessment. The diagnosis of dementia is made after a clinician interview using the clinical dementia rating (CDR). 26, 27 Participants are given a functional score in each of 6 specifically assessed areas, or ''domains'' of functioning. An algorithm is then used to calculate a global CDR based on the domain scores, with global scores ranging from 0 to 3, representing (0) no dementia, (0.5) very mild, (1) mild, (2) moderate, or (3) severe dementia. The presumed etiology of dementia is diagnosed based on standardized criteria. 28 Additional details about recruitment and assessment are available. [29] [30] [31] In April 1992, questions on thyroid disease were added to the portion of the structured interview that assessed health history. Thus, participants who were enrolled between April 1992 (when data on thyroid disease were available) and June 2008 were selected for inclusion. Other inclusion criteria were a diagnosis of no dementia and age of 50 years or older at the baseline assessment, and participation in at least 1 subsequent clinical assessment.
Participants who reported either ongoing or previous thyroid dysfunction at the baseline assessment were identified. This was the sole criteria for defining and identifying thyroid disease as information concerning serum thyroid hormone levels was not available. Use of thyroid hormone replacement therapy at the baseline assessment was ascertained and was defined as any form of exogenous T 3 or T 4 and included all forms of levothyroxine and liothyronine of both synthetic and natural origin.
Statistical Analyses
Kaplan-Meier survival curves were used to examine unadjusted associations between taking a thyroid medication at baseline (Yes vs No), regardless of whether the participant reported a history of thyroid disease, and rate of receiving a diagnosis of dementia of the Alzheimer type (DAT) with time. Differences between the survival curves were tested using the logrank test. Data from participants who did not receive a DAT diagnosis over the follow-up period were censored at the date of last clinical assessment. Many potential confounders exist when studying associations related to AD development. 32 Therefore, Cox proportional hazards models were used to examine the association between taking thyroid medications at baseline and time to a diagnosis of DAT after adjustment for baseline age, sex, educational attainment in years, minority race, and the presence of an apolipoprotein E e4 (APOE) allele. Age and educational attainment were dichotomized using median splits before inclusion in the Cox proportional hazards models. Data from participants who did not develop DAT over the follow-up period were censored at the date of their last clinical assessment. Similar analyses were conducted using time to a dementia diagnosis generally (CDR > 0), regardless of its presumed etiology, as the event of interest.
The analyses were repeated to examine the association between development of DAT and dementia and (1) a variable indicating whether the participant had a reported history of thyroid disease at baseline, and (2) a variable reflecting both thyroid disease and thyroid medication status at baseline.
Results
The sample comprised 499 participants, 315 women and 184 men, who were followed between 0.7 and 15.9 years. Demographic information for these participants is presented in Table 1 . The mean age at initial assessment was 76.9 years. Of the 499 total participants, 87 (17.4%) reported ongoing or previous thyroid dysfunction at first visit, and 61 (12.2%) were taking a thyroid medication. Of participants with thyroid disease, 59 were concurrently taking at least 1 thyroid medication, and 28 were not. Only 2 participants without reported thyroid disease were taking thyroid medication. Therefore, for use in the survival analyses, a variable was constructed that reflected combined thyroid disease/thyroid medication status at baseline for 3 groups: no diagnosis/no medication (N ¼ 410), diagnosis/ no medication (N ¼ 28), and diagnosis/medication (N ¼ 59).
Unadjusted Analyses
Although the survival curves suggest a faster rate of DAT with time for participants taking thyroid medication compared to those not taking thyroid medication (Figure 1 ) and for participants with thyroid disease compared to those without the disease (not shown), the difference between the survival curves was not significant when stratified by either medication (P ¼ .120) or disease (P ¼ .136). Likewise, there was no statistically significant difference between the survival curves for the 3 diagnosis/medication groups (P ¼ .163). No significant differences in time to CDR > 0 were found for the medication (P ¼ .220), disease (P ¼ .442), and combined disease/medication (P ¼ .373) groups in the unadjusted analyses.
Adjusted Analyses
The results of the adjusted analyses are presented in 
Discussion
Results suggest that taking thyroid medication at baseline may be associated with a faster rate of DAT diagnosis with time.
Interpretation of the Cox proportional hazards models indicates that the hazard rate of developing DAT with time for participants who reported use of at least 1 thyroid medication at baseline was increased 67% compared to their nonmedicated counterparts. The association between the use of thyroid medication at baseline and a faster time to any dementia diagnosis was not significant. The CDR > 0 group contains participants with diagnoses of mixed dementia, with features of both AD and vascular dementia, as well as other non-AD diagnoses such as pure vascular dementia, frontotemporal dementia, and primary progressive aphasia; all of which lack a b-amyloid plaque component in their pathologies. [34] [35] [36] [37] Because previous work suggests that it is, most likely, the amyloid component of AD pathology on which thyroid hormone has its effects, we would expect disease states lacking this component to show a lesser association with thyroid medication use.
We found a nonsignificant trend suggesting that baseline thyroid dysfunction may also be related in some way to more rapid time to diagnosis of DAT. Although some researchers have reported a lack of association between thyroid disorders and AD, 23-25 the findings of others suggest a link between these 2 disease states. [18] [19] [20] [21] [22] 33, 38 All referenced reports that found no association relied on cross-sectional analysis, eventually citing a lack of extensive follow-up as a weakness. Our longitudinal model addresses that concern and may, therefore, add support to their conclusions. However, unlike these studies, ours relied on self-reported diagnosis of thyroid disease instead of more objective diagnostic methods, and is therefore not directly comparable. Our findings, coupled with the uncertainty of past research, make the relationship between thyroid dysfunction and AD one of continuing interest for future study. Consistent with prior research, we also found that increasing age, minority race, and presence of at least 1 APOE e4 allele each independently contribute to an increased risk of developing DAT or more rapid disease progression once diagnosed. 32 Our study had limitations. First, the demographics of our volunteer-based sample were not precisely representative of the regional population as a whole. Our participants were older, contained a higher percentage of females, and were more homogenous concerning race and education level. 39 In our sample, 17.4% of participants reported having a thyroid disorder, and 12.2% reported use of thyroid medications, at baseline. Recent national reports on the epidemiology of thyroid dysfunction state that approximately 4.5% of Americans are affected. 40 The National Center for Health Statistics reports 13 and therefore, one would expect a larger proportion of individuals in our sample, comprised of older adults, to have thyroid dysfunction. The Colorado Thyroid Disease Prevalence Study reported thyroid disease and medication usage rates at 11.7% and 5.9%, respectively. 42 Although the N for that study was larger, the study population was similar to ours in that participants were older, more educated, and larger proportions were Caucasian and female compared to the general population of the area. 42 Second, our reliance on self-reported thyroid disorder from participants is potentially problematic. This was the only method to identify thyroid malfunction because of lack of information from laboratory assays of thyroid function. However, all participants were nondemented at baseline, and their reports of thyroid disease were verified by collateral source interview. Additional longitudinal studies using standardized thyroid function assays for diagnosis of thyroid dysfunction are needed.
Finally, we examined use of thyroid medication at baseline and information on the dosage of thyroid medications was unavailable. Thyroid medication doses often undergo significant titration to stabilize patients. Metabolic changes, initiation of new medications, and diet change can all cause changes in serum thyroid hormone levels that require dose adjustments. Lack of information on patient compliance complicate matters further. Future research using large datasets of linked clinical and pharmacy claim data, which includes information on dose titrations and yields some indication of patient compliance, may help to more accurately trace the effect that thyroid hormone medication may have on AD development.
In conclusion, the results of our study suggest that use of thyroid hormone supplementation at baseline may be associated with an increased rate of progression to a DAT diagnosis when compared to nonmedicated control participants, after adjustment for demographic characteristics and the presence of thyroid disease. Speculatively, thyroid hormone supplementation may alter neurologic physiology in a way that lends itself toward more rapid development and progression of AD pathologies. However, further studies with more specific thyroid disease diagnostic methods and detailed medication tracking are needed.
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